Despite the above findings, it remains unknown whether the "breakdown" of input specificity is a pheInput specificity of activity-induced synaptic modificanomenon generally associated with the developing neution was examined in the developing Xenopus retinoral circuits and whether it occurs in vivo. In this study, tectal connections. Early in development, long-term we addressed these questions by examining activitypotentiation (LTP) induced by theta burst stimulation induced synaptic modification in the developing retino-(TBS) at one retinal input spreads to other unstimutectal system of Xenopus tadpoles in which converging lated converging inputs on the same tectal neuron. As inputs to a single tectal neuron can be monitored. Morethe animal develops, LTP induced by the same TBS over, the change in input specificity was examined at becomes input specific, a change that correlates with different developmental stages. We found that for LTP the increased complexity of tectal dendrites and more induced by theta burst stimulation (TBS), there was no restricted distribution of dendritic Ca 2؉ evoked by each input specificity until developmental stage 44-45. The retinal input. In contrast, LTP induced by 1 Hz correemergence of input specificity appears to correlate with lated pre-and postsynaptic spiking is input specific dendritic development and the restriction of Ca 2ϩ elevathroughout the same developmental period. Thus, intion within the dendrite. Interestingly, LTP induced by put specificity of LTP emerges with neural developlow frequency correlated spiking was found to be input ment and depends on the pattern of synaptic activity. specific even during the early stage of development, suggesting that input specificity also depends on the Introduction pattern of stimulation. parison, we quantified the distribution of interspike interexcitatory synapses onto GABAergic interneurons in vals of spontaneous bursts and those induced by TBS stratum radiatum, and this LTD spreads to other excitand dimming stimuli. As shown in Figure 1D , a peak of atory synapses on the same postsynaptic neuron interspike intervals was observed at about 10 to 15 ms (McMahon and Kauer, 1997). In cultured dissociated (70-100 Hz) for bursts observed for all three types of activities, although the spontaneous activity contains
the effect of high frequency activity on the efficacy of retinotectal synapses.
TBS-Induced LTP in Stage 40 Tadpoles Spreads to Convergent Inputs
The synaptic efficacy of two converging retinal inputs from the contralateral retina was monitored by recording monosynaptic excitatory postsynaptic currents (EPSCs) evoked by stimulating retinal ganglion cells (RGCs) with two loose-patch electrodes (see Experimental Procedures). Immediately following three episodes of TBS (at 10 s interval, with the tectal neuron in current clamp), we found a significant increase in the amplitude of EPSCs elicited by both inputs (Figure 2A) . Results from 11 experiments showed that a similar extent of synaptic potentiation was observed at both inputs (changes in EPSC amplitude 25-30 min after the induction were 40 Ϯ 7% for the tetanized input A, 33 Ϯ 7% for the untetanized input B, mean Ϯ SEM), although for the untetanized one, the onset of potentiation was delayed and there was no post-tetanus potentiation observed ( Figure 2B ). Thus TBS-induced potentiation spreads to other convergent inputs, and is not input specific under these conditions. The induction of potentiation requires the function of N-methyl-D-aspartate (NMDA) subtype of the glutamate receptors. Perfusion of the tectum with D-APV (50 M), an antagonist of NMDA receptors, or voltage clamping the tectal neuron at Ϫ80 mV during TBS, completely abolished the persistent potentiation at both inputs (Figure 2C) . Synaptic strengths at 25-30 min after TBS were 94 Ϯ 5% (mean Ϯ SEM) and 94 Ϯ 4% of control for input A and input B, respectively, in the experiments with APV (n ϭ 7), 103 Ϯ 4% and 99 Ϯ 4% in the voltageclamping experiments (n ϭ 8). Post-tetanus potentiation was observed only at the stimulated input, consistent with presynaptic plasticity due to high frequency stimulation (Zucker, 1999). ing with Calcein. As shown in Figure 3A , tectal neurons we did not observe spread of potentiation to the adjacent cell, while significant spread to converging inputs in stage 40-41 tadpoles exhibit a simple morphology with one prominent dendrite projecting toward the neuon the same cell was observed ( Figures 3D and 3E ). The average changes in synaptic strength were 33 Ϯ 6% ropil surface of the tectum. The center-to-center distance between two adjacent somata correlates well with (mean Ϯ SEM), 22 Ϯ 5%, and Ϫ1 Ϯ 2% for the tetanized input, convergent input on the same postsynaptic cell, the average distance between their dendrites, especially for nearby cell pairs ( Figure 3A) . Knowing the orderly and input on the adjacent cell, respectively. In these dual recording experiments, the center-to-center disdendritic projection of these neurons, we then performed dual patch recordings from two adjacent tectal tance between cell 1 and 2 ranged from 8 to 25 m (16 Ϯ 6 m, mean Ϯ SD, n ϭ 7). Assuming that the cells separated by a distance of less than 30 m ( Figure  3B ). Following the induction of LTP at input A on cell 1, distribution of synaptic inputs is random, then the mean separation of converging inputs on cell 1 (A→1 and B→1) potentiation was found to spread to the converging input B on cell 1, but not to synapse made by input B on the is in the same order as the mean distance between two different inputs on two adjacent cells (A→1 and B→2) adjacent cell 2 ( Figure 3C ). In seven similar experiments, converging inputs (Zhang et al., 1998). Such input specitransients are restricted into discrete dendritic domains, ficity was also found in later stages (stage 44-45. Synapwhich could be a basis for the observed input specificity. tic changes were 37% Ϯ 17% for input A and Ϫ5% Ϯ 8% for input B. Data are mean Ϯ SD, n ϭ 3). The difference in input specificity for LTP induced by TBS and correlated Discussion spiking was not due to the total number of stimuli applied: LTP induced by correlated spiking remained input
Possible Involvement of Intracellular Signals
The main finding of the present study is that input specificity of activity-induced synaptic modification depends specific even when the total number of stimuli exceeded that used in TBS ( Figure 5 ). When 600 pulses were apon the developmental stage and the stimulation pattern. These results suggest that shortly after synaptogenesis, plied during 1 Hz correlated spiking protocol, synaptic changes were 32 Ϯ 5% (mean Ϯ SEM) for input A and there exists a narrow period during which different inputs on the same postsynaptic neuron may interact 9 Ϯ 9% for input B (n ϭ 7, Figure 5B 
